Background: Helping Babies Breathe (HBB) is a neonatal resuscitation curriculum that teaches life-saving interventions utilized in the first minutes after birth, reducing morbidity and mortality. Traditionally, it requires in-person facilitators for didactic and hands-on training. Objectives: The aim of this study was to offer HBB to nurses and nursing students in Guatemala, with the lead facilitator presenting concepts via telehealth and in-person facilitators providing hands-on demonstration. Methods: Learners completed pre-and post-tests that included the standard HBB knowledge check, as well as an assessment of the course teaching model. Learners also completed the standard Objective Structured Clinical Evaluations (OSCEs). Results: Eighteen learners were included in the analysis. All but one learner (94%) passed the course, and the average percent improvement from the pre-to post-test was 12%. All learners achieved passing scores on the OSCEs. Learners responded positively to questions regarding the technology, connection with the instructor, and ability to ask questions. Ninety-four percent of the learners agreed with the statement "this lecture was as good via telehealth as in person." A cost analysis demonstrated approximately USD 3,979.00 in savings using telehealth compared to a standard in-person course. Conclusions: The telehealth model was successful in delivering course material to the learners and was well received. This model represents a cost-effective way to improve access to HBB. This study may not be generalizable to other populations, and the ability to use telehealth requires reliable internet connectivity, which may not be available in all settings. Further study and expansion of this pilot are needed to assess success in other settings.
Introduction
Neonatal mortality is a pressing issue in low-and middle-income countries (LMICs). Globally, approximately 637,000 neonatal deaths result from intrapartum-related hypoxic events [1] , with an additional 2.6 million stillbirths annually [2] . In routine deliveries, 5-10% of all newborns require stimulation to help them breathe, and approximately 3-6% of this group require further resuscitation [3] . Disparities in skilled resuscitation access remain prevalent in LMICs.
To improve birth outcomes, programs such as Helping Babies Breathe (HBB) have been implemented. HBB is a neonatal resuscitation curriculum that improves birth attendants' abilities to provide life-saving interventions after birth [4] . It has been used to train individuals in many languages [5] , and traditionally utilizes in-person education.
Telehealth employs technology to deliver healthcare and education remotely to reduce health disparities and improve access to care [6, 7] . Prior studies have compared in-person versus telehealth courses in neonatal resuscitation and found equivalent gain in knowledge and skills, as well as high participant satisfaction [8, 9] . However, telehealth delivery of HBB to a rural setting in an LMIC has not been previously reported. Implementation and evaluation of a virtual HBB course would potentially allow for broader dissemination and lower costs, as travel expenses for master trainers comprise the largest expense in implementing a HBB course [10] .
Methods

This project was a collaboration between the University of Colorado Center for Global
Health (CGH), the Children's Hospital Colorado Telehealth Department, and the Center for Human Development (CHD) in Guatemala and received exempt status from the Colorado Multiple Institutional Review Board.
The CHD is a health center created through partnership between the CGH and a local agricultural company, AgroAmerica, in southwest Guatemala. It serves a population of 30,000 people where the primary language is Spanish. The CHD is staffed by local nurses, local doctors, and visiting US doctors, and includes a birth center for uncomplicated deliveries.
A telehealth-enabled HBB course taught in Spanish was provided to nurses and nursing students at the CHD free of charge before opening the birth center. Learners enrolled in the course received an identification number, which was used to collect data.
To connect, the distant instructor used institutional Wi-Fi and video conferencing equipment. Learners at the CHD used a Wi-Fi connection, laptop and projector, which were already available at the clinic for other uses without additional cost. Both ends connected through Children's Hospital of Colorado's existing software-based telemedicine platform.
The lead facilitator was a HBB master trainer in the United States who demonstrated skills remotely using a NeoNatalie simulator, with the camera focused on the simulator and the facilitator's hands. Two in-person facilitators were also present to assist with on-site skill demonstration if necessary; they were resident physicians who had completed the Neonatal Resuscitation Program provider course and were on-site at the CHD. Each learner pair had a NeoNatalie simulator. The course was taught in the same time frame as traditional in-person HBB, roughly one half-day, and was offered twice. The lead facilitator was connected through the telemedicine platform throughout the entire course.
Learners were held to the same standards for passing as in-person classes and were evaluated with the HBB Knowledge Check, Bag-Mask Skill Check, and Objective Structured Clinical Evaluation (OSCEs) A/B. The skill checks were done with both the in-person facilitators and the master trainer monitoring via telehealth. Learners also completed a pre-test before the start of the course, and a satisfaction survey after the course. Survey questions were created by study authors to address the specifics of this telehealth model.
All testing and evaluations were done through Google Forms ® (Google Docs, RRID: SCR_005886). The anonymous survey data were collected and stored in Google Docs and processed in Microsoft Excel ® .
Results
Demographics
Eighteen learners were included in the analysis with 39% being nursing students and the remainder being practicing nurses. Practicing nurses had differing experience, with 39% having worked for 1-3 years, 11% for 3-5 years, and 11% for > 5 years. Most learners (89%) had attended between 1-10 deliveries prior to the course, with the remainder (11%) having never attended a delivery. Information regarding any resuscitation performed or observed in previously attended deliveries was not available. Most learners had no previous experience with telehealth, but 27% reported using telehealth "many times," and 11% reported using telehealth "1-2 times."
Knowledge Gain
The mean score on the HBB Knowledge Check taken before the course was 81 ± 12.5% (range 53-94). Successful course completion required a score of ≥80% on the post-test HBB Knowledge Check and demonstration of proper technique on the OSCEs. All but one learner (94%) passed the course. The mean score on the post-test was 89 ± 7% (range 71-100). The mean improvement from the pre-to post-test was 12%, with a range of -8 to +56%. All learners demonstrated proper technique on the OSCEs.
Learner Evaluation
Learners responded to statements regarding the course using a 4-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = agree, and 4 = strongly agree). Overall responses were positive; however, one learner responded negatively to every question (score of 1). No written feedback was provided, so is unknown if this individual was dissatisfied or misinterpreted the scale. This learner was included in the analysis.
Technology statements asked about the ability to see and hear the instructor, ease of use, and perceived connection to the instructor. Ninety-four percent (17/18) responded positively. With regards to the telehealth model, 94% of the learners agreed with the statement "this lecture was as good via telehealth as in person," but interestingly, 50% of the learners (9/18) agreed that "this course would be better carried out in-person only." Ninety-four Table 1) .
Cost Evaluation
The only cost for the telehealth course was the master trainer's time (two half-day sessions, or 1 day total). At our institution, the average faculty physician earns USD 165,000/year, corresponding to about USD 600/day. As equipment and internet access were already available, the total faculty cost of the telehealth course was estimated to be USD 600.00.
The estimated cost for an in-person equivalent course was USD 4,570.00 (Table 2) . This estimate is based on a 5-day trip to and from the CHD, with 1 of these days as a working day -the rest are needed for travel given the remote location. The estimate includes compensation for: airfare, transportation, accommodation, per diem costs, and salary compensation. Thus, the telehealth model saved approximately USD 3,979.00 when compared to in-person instruction. Overall, using telehealth to deliver HBB was successful and cost-effective. Learners mastered the material, as demonstrated by a 94% passing rate and score improvement between pre-and post-testing. There is no published data on passing rates to reference, but anecdotal evidence from experienced master trainers at our institution indicates the passing rate for this pilot met or exceeded the passing rate from their in-person courses. Learners also mastered hands-on skills as demonstrated during the standardized OSCEs.
Learners liked the telehealth model and did not report significant technical difficulties. Learners felt connected to the instructor and thought the course was comparable to in-person training, although 50% expressed a preference for in-person training had it been equally available. At the end of the course, learners felt confident in the skills they learned.
The telehealth model was not only demonstratively less expensive to deliver than a comparable in-person course, but also eliminated the need for travel, allowing for more frequent and less expensive trainings. Given the cost and time savings, the telehealth model has the potential to broaden the reach of this training, making it more accessible to geographically isolated communities and communities that otherwise could not afford or access a master trainer, but do have access to clinicians who can facilitate skill demonstration.
There are several limitations to this pilot project. Our learners were nurses and nursing students, many of whom had attended births prior to the course and had baseline medical knowledge, which could have affected the passing rate. However, HBB is typically taught to learners with delivery experience. Some learners in our course also had previous telehealth experience, so it is possible that individuals with no telehealth experience would have a harder time learning through this model. Lastly, many of the learners knew the master trainer from other work, which may have influenced their responses to questions about their comfort with the instructor.
Our cost comparison did not consider the cost of pre-existing telehealth infrastructure, which is highly variable depending on existing in-country and site-specific infrastructure. This could be a barrier to those looking to implement a similar program in an area without access to basic video-conferencing technology. The cost comparison was also based on compensation and travel expenses for a US-based master trainer, and costs would be lower for a master trainer already in the country, if available. The cost comparison also did not include pay for the on-site facilitators.
Further study and expansion of this pilot are needed to assess success in other settings, but it demonstrates significant promise for teaching evidence-based neonatal resuscitation skills to healthcare personnel in LMIC's with access to the internet. This model also has the potential to be a cost-effective way to provide ongoing skill retention and skill enhancement training as well as expand the reach of the HBB program.
